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ABSTRACT AHD  SU^•U»Y 

T«chnlqu«i and castabl« foraulatlona tmrm davalopad that produca 
luminou« affielanelas batwaan U2.000 and 45,000 eandla-aaoanda/ 
gram;    no dlaaMtar affaet waa apparant in tha ringa of l.S to 4.95 
Inehaa.    Tha early axparlnantal affort on tha nia of cocapoundad 
polyaatart and urathanas waa diaeontlnuad In favor of tha uaa of 
glycidyl aathaerylata and Rlnllar vinyl aononara.    Thla elaaa of 
monomer givea tha datirad aolvation of tha perch lore ta (with con- 
comitant    incraaaa in viaeoiity of tha binder for improved particle 
wetting) and a control ltd exotherm in large diaoetar caatinga. 
Final physical propartiei ere attained after 2*-hour poet-cure. 
The uaa of eodiua parehlorata in liau of tha insoluble sodium 
nitrate yielded a eaating • lurry of lower vitcoeity at oonatant 
binder percentage;    the uaa of sodium nitrate was therefore discon- 
tinued.    The use of a trlmodal distribution of magnealum Improved 
casting ease et the 15 percent binder level. 

Eerly program effort concentrated on the use of kraft paper caaaa 
in order to simulate standard flare hardware.    The recognised "tunnel 
effect" reduced the luminance velues obtrined end masked differences 
attributable to the binder type end content.    Composition afficiancies 
were then obtained on free stending grains, displacement caat and tha 
cylindrical eurfeces inhibited.    The prog-am hes demonstrated tha 
feasibility of caat illuminating flares based on coasearcial aatarials. 
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lUTtOOüCTIOR 

Previous «xp«riaantat Ion on eaat llliwlnatlng flaraa haa eantarad 
on two tachnlquaa:    tha Incorporation of an Ineraaaad paroantaga 
of blndar In tha Mgnailun-aodlua n'itrata aystaa to lap*rt anough 
fluidity for casting follonad by a eura or polyaarlaatlon to a 
solid grain, or tha uaa of alxad oxldlaar sslts, such aa aodlua 
and ealeluB nltratat, to fom a autaetle alxtara of aaltlng point 
low anoufh for hot pouring followad by cooling to a solid column. 
Tha afflelaney of tha foraar ayataa la significantly lowar dua to 
tha additional bindar;    tha aafaty and caaa of fabrication of tha 
1 attar ayataa la not coaplataly satisfactory.    Tha pyrotachnic lab* 
oratory at Plcatinny Araanal astabllahad a nuabar of yaara ago that 
thara  la a alapla llnaar ralatlomhlp bataaao tha dacraaaa In lum- 
inous afflelaney and tha parcantaga Laalnac-Luparsol blndar In tha 
praaaad ayataa.    Tha parcantaga of binder It now ganarally held to 
tha ainlaua nacaaaary for adequate cjapreaalve strength for this 
reason.    Ulla lose  is the direct result of Increased radiation in 
the  Irfrarad, organic binders being oxidised to water vapor and 
carbon dioxide which ere strong ealtters at 1.8, 2.7 and 4.3 microns. 
The  decrease   in flame  temperature due  to this  Increased  radiant heat 
loaa ehlfts the radiation spectrum to shorter wavelengthe and de- 
creases markedly emittance  in the visible. 

The amount of binder necessary to impart sufficient fluidity for casting 
la on the order of 12 to li percent with a greater   concomitant   ln- 
ereasa  in the loaa of luminous efficiency.    An improvement  in the 
solide loading (aollds loading being the ratio of total solids,  both 
fuel and oxldlaar,  to the total aaas of liquid) will   Improve luminous 
afflelaney.    Our experlasntal effort haa been concentrated on the 
technique of tha uaa of soluble inorganic perchlorate oxldlsers In 
place of tha solid nitrate oxldlsers employed In the proceed system. 

The uee of soluble oxldlsers el lows e lower percentage of b.'nder to 
yield a unit of  luminous efficiency comparable to the magnesium-sodium 
nitrate pressed ayataa.    The composition    49 percent atoalsed magnesium. 
36 percent sodium perchlorate dissolved in 12 percent diethylene giycol, 
and 1 percent carbon black gallant la a thixotroplc fluid.    Combustion 
of thia liquid compos It lor. la a alapla end-burning configuration in a 
plastic eaae   r^ve a luminous efficiency of 40,000 eendle-aeconds/graa. 
The liquid visual flare systea aay be polymerised to a solid cast grain 
by reaction of the poly functional alcohol with dllsocyanates to yield 
In situ e polyurethane binder.    Polyesters represent another claaa of 
monomer,  candidate;    the reported solubility of inorganic perchlorate In 
low molecular weight esters  Indicates that acrylic and aethacryllc ester 
aonoesers ere logical candidates. 
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POLYKSTBK  BIMDEl 8YST1MS 

An •«•■ination of thm  llt«r»tur€ on •valUbU un»atur»t«i»  polycttar 
■yttWM,  tttOh M thm  commonly ••ploy«d "UalnM *116",   snow« th»t 
th»y ar« tolutiont ot high Bolacular «night condansation prodnctt ot 
dibasic  acldt «nd blfunction«!   «Icoholi  in a  solvant/Wtnoaar which 
it utunlly ttyrana for mnnonn of neonongr.    Twaiva to IS parc»nt 
• tyrana  it  raqulrad for cross-1 Inking til polyastar doubla  bonds but 
aaountt up to SO parcant  nrt addad to Incraaaa tha flaxibllIty and 
pact  raslstanca of th» curad rasln.    This parcantag* of addad hydro- 
carbon,  hownvtr, dacraaaas sarltadly tha solubility of  Inorganic ttltt 
in tha rasln.    Only silvar ptrchlorttt has appiaclatla solubility In 
hydrocarbon solvants with grvatsst   nolubllltlas   in troafttie solvants 
tueh as tolvtnt tad bansan« (umloubtsdly also styrana which it vlnyl- 
bansana).     Hasards assoclatsd with tha handling of anh/drous silvar 
perchlorata tad tha  raw «atanal  cost  prtcluda   Its  usa at a solubla 
oxidiaar.    Tha solubility of othar Inorganic parehloratat it dapandant 
on tha oxygon eontant of tha organic solvant and tha typaa of functional 
groupa raprttaatad.    Tha usual   ordar or to 1 want powar it hydroxyl > 
carhonyl > tthar. 
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SoUbilitlM of IwrgMle P«rchlor*t«i, Qrmm/lOO Ormm Solvent, 2S0C 

Otton 
IttyUM Bthyl 

Alcohol Action» 
Ethyl 
AMtat« 

Ethyl 
Eth.r 

*xJlu- 

Strontlua 

Utim 

LlthluB 

9S.S U.71 51.75 9.65 iMOl. 

23.M %2.N 70.91 0.29 

ISO.«6 150.06 156.93 Inaoi. 

12%.12 124. «7 112.95 IMOI. 

191.71 156.52 95.12 113.72 

lb« raw poly««t«r «yrup or tolld polyair not &dalx«d with ttyroo^ in 
tho product of a eeatfoMotlon roAetlon tatvoon oeldt and «icohoi«; 
tho croti-llnklnf tfoot «ay b« ehooon froo tho following ojtyg«n-cont«ln- 
Ing moaomnru      «llyl   alcohol,  asthyl «cryltt«, aathyl «•thoeryUt«, vinyl 
•eototo, othyl oerylato, and athyl asthocrylato.    specialty polyoitor ro- 
• ino baood oo eowpononta having largt poreontagoa of bound oxygan and 
good oolvant notion for inorganic parehloratoa nay ba proparad by lab- 
oratory coabinationa of thooa ■onoaarat    all laboratory afforta uara bated 
on ooaaaraially aoailabla ■tartiag natariala ao that tha maultt of thia 
affort will ba dirootly naaabla in larga-aeala production.    Tha blndar 
atndiaa wnra liaitad to thooa with naxiaua oxygen content. 

A  literature turvey was  conducted  to detereine  tha  typea of polyester  ra- 
aiM  available.    Nanufaccurera of  basic polyeater  raalna were contacted; 
however,  tha aajority of replies rnoaivod indicated that tha coaMreially 
available polyester fomulationa contained either etyrene or vinyl toluene 
and wnra therefore uneultable  for use as a flare  binder  natarial.    One 
baaic polyeater  resin,  Aropol   7200, waa acquired  for  initial   Investigation. 
Several  coaMreially eve lieble beaic nononara worn selected to study tholr 
cowpattbility with Aropol   7200.     Aa»ng these  found compatible ware nattiyl 
■athacrylata (MNO, «ethyl aery late (MaA), and 2-hydroxyathyl nathacrylata 
(2-HlMa), which offered an hydroxyi group to aid in dlaeolvlng partially 
or entirely oxldiaera  such as  aodlua perchlorate,   increeslng    tha solids 
to binder loading ratio.    A fonaulation eoatelnlng approximately 20 percent 
blndar (2 percent Aropol 7200 and 16 percent NaMa) nod equel parts of 
oxidi-er and fuel waa blended.    Vlaual  inapection of tho mixture ravaalad 
that tha Mndar failed to polywariae cowpletely and that tho rasultsnt nix- 
turn waa a cruably agglonorato of foal and oxidisor.    Apparently nost tho 
■athyl aethacrylata aonoaar, having a low vapor preasure. vaporised during 
tha polywarisatlon exothena.     Since difficulty was encountered la utiliaing 
only MaMa as t blndar mater lei, grains wara fabricated uaing 2-HBNa with a 
email  amount of MsMa to reduce viscosity and  increeae wotting of solid 
partielas.    Tha technique employed was to add tha oxidiaar (HeClO^) inera- 
nantally tr tha liquid monomer to dissolve aa auch of tha oxidissr in tha 
monomer aa possible.    Aa tha oxidiaar dissolved in the nonowsr, tha solution 
increased in viscosity until finally (after all the oxidiaar was added) e 
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heavy pant« fonnd.    mm wat addad to raduca vlacoalty to facllitata 
tha «Juitlon of tha «olid ■agMtiUB tual.    Oralna to ba taitad war« 
east In papar tuba flara caaa« appro«l«ataly l.S Inchat I.D. and 1.9 
Inchai long.    To pravant poatlbla tlath-fcf and to obtain adhaalon of 
tha blndar «atarlal to tha «MUI of tha flara caaa, all eaMt «art 
lintd with a polyaatar baaa Itear aatarUl, alallar to tha Laalnac 
llnar now currantly uaad In aartain praaaod flara ayttaat.    Intanalty 
■aaauranant «ara aada with Idgarton, OnnAathauaan i Orlar ladiMitar 
Sjrataa. Modal S80» with apaotral ratponaa in tha 950 and 590 ■llli- 
■icron wavalanfth rang«.    Tha taat raault» of thaaa gralna («a ra- 
port«a ündäf CVT-J) liiow a low radiant Intanalty of 20,200 eandla- 
aaeondt/graa.    Tha blndar eontant of this grain «at 25 parcaot;    a 
furthar raduetlon In blndar eontant will ineraaaa tha radiant iDtanalty. 

ACtYLIC BSTH BIBDtt SYaCTMS 

Furthar analyala of 2-hydroxfathyl nathnorylata aa a blndar aattrial 
waa  undertaken  baaed on tha •olubllity of aodloat perchlorete  In thla 
won-vmr and tha obaanrad ox Id lie r particle watting.     The use of poly- 
«eter ratlns waa tawporarlly dlicontlnuad  In order to concentrate 
iüforta on tha davalopwant of caet ayataaa  Incorporating alnlaeai 
blndar.    In atteoipta to eaat gralna of lower blndar eontant, difficulty 
waa encountered due to a apontanaous blndar material polyaarlaatlon 
raaetlon.    Experiments ware conducted to verify the cause of thla be- 
havior.   A tampie prepared by adding atoaiiaed Mgneel« to a binder 
sample,  2-HBMe,   reacted  to the gel stage  almost   Imaedlately end produced 
hard porous polymer within 90 nlnetaa.    Atomised aluminum powder g«ve 
no reeetlon under Identical  conditions.     It waa then concluded that 
the magnesium wee responsible for spontaneous aonoaer polyaerleetlon end 
not perchlorete;    a behavior In contrast to the «etlon of strontium per- 
chlorete la activating the polymerlxetlon of methyl mathacrylata.    The 
exeet naehanlar, «f tha reaction waa not known but It was believed that 
the nathacrylle eeld,  present  In tha monomer about 9 percent,  reacted 
with tha a&gnaaluB to Inltlete the polyaerleetlon reaction.    Magnualuo 
and other monomers not cv .talnlng asthacryllc eeld failed to show eigne 
of reaction.    By working rapidly, without adding cetelyst to tha hinder 
■»nomer, gralna were eeet ueleg 19 to 17 percent binder.   The taehnl^ua 
employed waa to add the perchlorat« to the binder, followed imaadlately 
by the nagnaalun with rapid nixing end ianMdiete caet leg lite the flara 
caaea.    Tha flare eonpoeltlcn cured In about ten minutes.    Thee« flares 
were test fired end relative luminous efficiencies wnre recorded.    The 
luminous efficiency for the  17 percent binder grein wee 99,600 candle- 
seconds/gran end the 19 percent binder grein was *l.6O0 candle-eeoonds/ 
grew (CVF-10 end CVP-U). 

In ettempts to caet flares  ualnj dlmathylamlnoethyl  ■athecrylate,  dif- 
ficulty was encountered  in Initiating the polymerisetion reeetlon by 
peroxide catalyats, although it haa been reported that pelyner lent ion 
haa Uen achieved through the use of theee eetelyete.    The ret 
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eatalyttt art «so eoapoundt which art not aff«ct«d by the aonoaar 
t«rt lary «aiM group;    noM «Mra «vailable at tha tiaa tha flaraa 
«•ra fabrlaatad.    Attaapta to eatt grain« utlllalnf dloethylaalno- 
athyl aathacrylata «fara auapandad until aultabla polyaarliatlon 
catalyata uara obtalnad;    tha aolwatlon of parchlorataa by aalno 
group« uakat thla elaat of blndar attractiva. 

Glycldyl acrylata (37.S parcant oxygan) and glyeldyl aathacrylata 
(33.7 parcant oxygen) appaar to dlisolv« aora aodlta parchlorata 
than 2-hydroxyathyl aathacrylata (37.0 parcant oxygen)      Oraatar 
fluidity waa obaarvad for coapoaltlnna prepared with glycldyl aath- 
acrylata facilitating casting.    No reaction with ntoaiaad aagnatiua 
waa obaarvad with this blndar aystaa and tha polyaariaation ia 
easily controlled with tha uaual catalyata and proaotara.    In 
accordance with diacuaeiona with tha Prograa Manager, Mr. Barnard 
Douda, effort waa concentrated on the davalopaant of a binder lyataa 
aultabla for control lad production batch aixin^ and casting at HAD 
crane  for larger scale  tea ting. 

Tha «ffaet of binder percentage and typa  in cast flare compositions 
waa  Investigated   In ordar to correlate binder percentage and  luminous 
efficiency.    Lowar binder percentages yield higher  luminous efficiencies 
for ell compositions;     the accompanying graph show«  tha  relationship 
for grains cast  in paper case«.    On the beaia of later experimental 
effort on aluainua-caaad and free-standing grains  in the range of 
binder percentage between IS and 20 percent,  the estimated Intrinsic 
luainoua efficiency is Indicated.    In the caae of 2-hydroxyathyl aethacrylata 
(2-HEMa),  IS percent waa the lowest binder concentration that could be 
incorporated In the magnesium-KariOu composition and still maintain 
grain integrity.    Glycldyl aathacrylata peiaittad e minimum of 10 per- 
cent binder while maintaining grain integrity. 

Ooapoaitiona containing LiClO^ and i*aC10u in equal  pvoportlona exhi- 
bited lower luainoua efficiencies than one component oxidlser 2-HEMa 
binder compositions      Tha decrecsed free aodlua concentration in the 
flare  plume offaet  the  Increased composition oxygen percentage.     In en 
attempt  to  Incorporate Hg(C10%)2 into cast  compositions,   the mixture 
ignited whan Mg^ClOij^ waa added to glycldyl aathacrylata (no magnesium 
waa present).    The reaction between Mgf n0u)2 wa8 glycldyl asthacrylat« 
or glycldyl acrylata ia apparently hypergolic,  the aery late being sure 
reactive than the aathacrylata.    Tha following graph sueaerises the 
affect of tha oxidisar/fuel retio for paper-ceeed compositions.    Goa- 
poaitf.ona outside e narrow range exhibited aharply lower values of 
luminous efficiency.    Using IS parcant 2-HEMa in the aagnesiua/ReClOn 
reaction system,  flares were febricatad and tea ted.    The results ere 
plotted as an almost  syaaatricel curve about the 42.S percent axia 
(oxidisar/fual ratio of 1:1).     It is apparent that the luainoua effi- 
ciencies of Hg/JUCIG^ compositions are more  sensitive to reaction 
atoichloaatry than pressed nagnaoiua/HaNOQ compositions. 

/ 



<v**m 

r 
Iff Mt Of Blmtor MtaMUfa ODnoMt ratio» 
On Lonlnou« FffIcUocy Of QMt ?£raal ri«r«i 

! 1 
i i 

-it" ij'M'M: 

M 

I 

so 

to 

30 

1 20 

IS 
PcroMt Blater 

> 

tee«et >« 
Hr«Mt Biiiitr 

KfrieUMty Of FLftMA 
lltiMf ( 



Olycliyl  ftcrylat« coapoiltlon« produced lualnous «ffIcUncle« 
covprrabl« to glyeldyl ««thaerylat« eoapotltiona for Identical 
blna«r percen.agei.    E thy UM diMthecryUt« (32.3 percent 
oxygon) oooipoeltiont yiilded e Iviainou« «ffIclency compereble 
to that produced by other IS ^«rcent binder tyetoM.    Highly* 
osygonntod binden produce equivalent values of lualnoue effi- 
ciency;    pror. <tln| ehernetorlitlee determine the utility of the 
binder syatea     Polyaerlaetlon of theee noooeer eysterna wee 
effected by dleeolvlng I percent  beneoyl peroxide  In the ■onoaer. 
A roo> teeiperetere curing agent, n,n Dlnathyl p-toluidine or 
Froooter 402 (Aaerlcen Cyanarid). wee need in the amount oi 60 
t^g per  100 grena of CO«poeition to  ace«lerate polymerization. 
1o  Insure  complete polymerisation,   the greloa were  subjected  to a 
peat euro  temperature of  7SOC for 24 hours, minimum, before  test- 
ing. 

To compere the relative effeeta of sodium nitrate end sodium 
percnlorate at    r'dlzers on the  luminous efficiency of vleual 
flere compoaitloua,  two grains mere ceet ander identical cond.tlons, 
I.e., 1S.0 percent binder and an o/F ratio of 1:1.    Sinca «odium 
perehlornte p&rtlally dieeclved in the binder, glycidyl mathtcry- 
lete, the  resulting composition was "Matter" in the unpolymeriaed 
etete th«u *.be composition prepared  using sodium nitrate.     Sodium 
nitrate,  bellg relatively  insoluble  in typical  binder monomers, 
posed problema of producing a slurry  sufficiently mat to  facilitate 
casting.     In addition,  the sodium nitrate formulation,  not pro- 
ducing n viscous monomei   due to  the  Insolubility of  the  nitrate   in 
the monomer,  presented  additional   problema of the monomer  aeparat- 
Ing from the aolids.    Hence,  in e grein ceat upright, the lower 
portion would have a tendency to be mono»»v-rich.    A somewhat simi- 
lar problam wee posed by sodium perehlorete with low-vlecoelty bin- 
dere but not ae ext-'ime ee in the case of sodium nitrate.    The 
lumlnoua efficieoeiea of sodium perehlorete end sodium nitrate flare 
grains were   ident  cal  within the   limits of experimental  error. 

In order, .to measure the  luminous  efficiencies ee closely as possible 
to t?u   v   »rlnslc value for each composition,  an attempt waa made to 
ceet glalns free from the cese effect (or "chimney effect") which 
seemed  Inherent in earlier unite which were ceat  in paper cases.  One 
method  le  to produce free-standing grains by displacement  casting 
Whether the units ceet  in paper cases performed ea well aa those ceat 
ee free-etendlnj graine waa inveetigatad.    One eat of flares, CVP-79A 
to CVF-79D, was cast aa free-standing graine,  inhibitad with two thin 
coats of e polyester along tha surfaces ordinarily inhibited by the 
paper ceee.    Another identicel eet wee ceet In paper cases, CVP-8GA 
to CVF-80D.    Aa shown In the Appendix, the tree-atrnding grains clearly 
produced higher luminoue efficiencies      In addition,   intensity-time 
traces of the free-standing greine revealed e more uniform end consis- 
tent performance in contrast to those graine ceet in paper cases. 
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In order to ••tabllah • final  torauUtlon for r>eo—»datlon to 
thm aponsorinf ag«ncy,  lSOO>grai tl«r« grains wir« e«at and 
tcatad to dataralna the effect of Incraaaad burning surface araa. 
Coaqmaltlons previously taatod were avaltaatad on the baala of a 
l.S inch burn surfaca dtaaatar.    BxparJlaantal flare Cvp-89, con- 
taining 16 par cant binder, «raa diaplacaaant caat and  Inhibited with a 
laninating polyattar ras in along the surfaena ordinarily inhibited 
by the caaa.    The disastar of the grain «na approximately k.75 inchaa 
and tie grain height was approxinataly 3.5 inchaa;    the bnn tias of 
tha grain «ras 41.0 seconds (bvrn rate of .065 in/aae) and the Inninoui 
efficiency a»asured was 41,200 candle-saconda/graa.    The luainous 
efficiency of this larger grain ia equal to tha efficiencies produced 
by the snaller,  l.S inch diaaratar grains.    As indicated in the appen- 
dix,  a trlnodal distribution of negneslun powder wee utilised In the 
febricatlon of experimental   flare CVF-89.     Since Sodiun perchlorate 
is slightly    soluble in the binder material,  no attempt was made to 
wilise a nixed particle eise distribution of oxidiser.    The »mailer 
diaawter grains teated early in the program contained either a single 
particle else of magnesium (CVP-79 contained 22 p magnesium only) or 
a bimodal distribution of magnesium (CVF-73 contained both 22 M and 
12S i» magnesium).    A mixed particle fuel composition did not seem to 
arfect the luminous efficiency:    therefore,  e trimodal distribution 
of magnesium (22  M t  125 n ,  and 200 p ) was incorporated to facil- 
itate blending and casting.    Another unit, CVP-90 wee caat incorporat 
ing magnesium powder conforming to Specification JAM 382, Type III. 
The  luminous efficiency calculated from the  intensity-time trscs was 
25,800, the low value due to pertial smoke obscuration;    s value of 
39,000 candla-ssconds/grsai wee estimated for this grein. 

MISCELIAMBODS BINDER SYSTEMS 
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A ISOO-grem grain incorporating a fluoroheptyl methecrylate binder 
was cast with some difficulty due to the insolubility of sodium per- 
chlorate  in the binder.    Mo  luminous efficiency calculations were 
for  this grain due  to complete smoke obscuration.     It appeared that 
thla particular composition producsa excessive smoke  in comparison to 
the compositions besed on tha oxygenated acrylic eatera.   An attempt 
waa made to cast flares using s commercial urethene binder, Coast Pro- 
Seal 796-80.    Difficulty wee encountered in dispersing the perchlorate 
end the magnesium uniformly  in the binder due to ite high viscosity 
(greeter then 10,000 cpe).     Binder percentages lower then 18 percent 
were not feaaible.    The  In eitu reset ion of tolylene dl-lsocyanate 
with diethylene glycol or low molecular weight polyethylene glycole 
alao gave viscoua binder solutions.    Fifteen percent General Electric 
Sllicone RTV-8111  es a binder gave a composition thet resembled the 
glycidyl asthecrylate-sodium nitrste formulations  in that the solids 
were not sufficiently wetted by the binder to fecilitate casting.     The 
luminous efficiency of thia  composition fell  into the same range na 
the other 15 percent binder compositions.    Pro« the standpoint of cast- 
ing eaae tha glycidyl methacrylate/sodium perchlorete composition is 
superior and the Silicons ITV/sodiun perchlorete end glycidyl methacry- 
late/aodiun nitrate Systeme ere about equal. 



CQKCLOSIGMS AM) IBOOtfEltDATKIfS 

Cattabl«  illuminating coapositlona hav« been developed and 
de«on«tr«ted with efficiencies between 40.000 and 45.000 
candle-»ec<ndi/gre« bated on the use of a nuaber of highly 
oxygenated •onomera.     It  Is racooMnded that «ore endothermic 
binderA»no«er systems  b«  Investigated.   I.e.,  those containing 
either nltro > or difluoroaaino - functional groups.    The limit- 
ation on the solids loading that can be achieved with any bin- 
der system and blending and fill technique suggests that the 
use of an oxidisar/bindsr is necessary for Increased efficiency 
in cast  systems. 

Throughout  the entire  res» irch program,   no attempt  was made to 
cast grains using vacuum techniques.    The brevity of tine plus 
the emphasis on binder systems precluded the study of utilising 
vacuum techniques either before or during casting of flare com- 
positions.     It  Is believed  that the application of vacuum to the 
composition either before or during casting will  result  In better 
physical  propsrtles and higher luminance values.     A study of the 
advantages or disadvantages of utilising vacuum casting seems 
desirable.     In an attempt to derive  Intrinsic luminous efficiency 
values of the cast compositions  Investigated,  some effort was 
expended  in avoiding cast effects.    The methodology employed In 
developing cast flare grains creates possible areas of study 
associated with flare case design hitherto restricted by the press- 
ed grain systems. 
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CVF-3 

Z-Hydroxyethyl M«th«cryl«t« 
kropcjl   7200 
Methyl  Methacrylate 
NACIO4 
Chaff  (Al) 
4agIMS i um 

17.00 ptrcMt 
3.40 
h.75 

M>.M 
.30 

34.00 

CVF-73 

3lye Idyl Methacrylate 
Sodium Perchlorate 
Magnesium 22 M 
Magnetit» 125 ^ 

CVF-7 9 

Slycidyl  Methacrylate 
Sortium Perchlorate 
Magnea ium 22 f% 

CVP-80 

31ycidyl Hethaerylata 
Sodium Pcrchlorata 
Magnes ium 22 a 

CVP-i9 

Slycldyl Hethaerylata 
Sodium Perchlorate   (over  200 aash) 
Magnesium  22 M (MIL>!>-14067A) 
Magnesium  I25a (M1L-P-1U067A) 
Magnasiua 200a (MIL-P-1U067A) 

* Partial  Smoke  Obscuration 

15.0 parcant 
42.5 
42.5 

15.0 percent 
42.5 
42.5 

16.0 
42.0 
14.0 
14.0 
14.0 

10 

LualDoua MflelMMy 

20,200 candle-••cood»/gr« 

10.0 parcant A  - 25,000 candla-saconda/graB 
4f.O i - 21,400 
22.5 C - 28,800 
22.5 D . 31.300 

1 - 28.000 

A - 37,600* Candla-aaconda/graa 
8 - 41,600 
C - 34,600 
D - 22.600' N 

A - 31,800 candle-secende/gram 
i - 29,350 
C - 29,790 
D - 26,040 

41,200 candle-seeonds/gram 

■ 
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content.    Oosposition efficiencies were then obtained on free «tandinR gra na, dis- 
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